J Epidemiol 2011 ;21(5):31 9-328 
doi: 10.21 88/jea. JE20 100162 

Original Article 

Trends in Risk Factors for Cardiovascular Disease Among Iranian 
Adolescents: The Tehran Lipid and Glucose Study, 1999-2008 

Firoozeh Hosseini-Esfahani 1 , Ateke Mousavi Nasi Khameneh 1 , 
Parvin Mirmiran 1 ' 2 , Arash Ghanbarian 3 , and Fereidoun Azizi 3 

'Obesity Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
2 Department of Human Nutrition, Faculty of Nutrition and Food Technology, National Nutrition and Food Technology Research Institute, 
Shahid Beheshti University of Medical Sciences, Tehran, Iran 

3 Endocrine Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
Received November 1, 2010; accepted March 22, 2011; released online July 30, 2011 

ABSTRACT 

Objectives: Data on secular trends in adolescent obesity and dyslipidemia are limited. Data on obesity status 
collected during 3 surveys were used to evaluate these trends in obesity and dyslipidemia among Tehranian 
adolescents and to assess the likelihood of risk factors for cardiovascular disease. 

Methods: We analyzed data for adolescents (age 10 to 19 years) from 3 cross-sectional surveys of the Tehran Lipid 
and Glucose Study: 1999-2001 (n = 3010, 47.2% males), 2002-2005 (n = 1107, 48.4% males), and 2006-2008 
(« = 1090, 46.6% males). Overweight and abdominal obesity were defined using Iranian body mass index (BMI) 
percentiles, International Obesity Task Force (IOTF) criteria, and Iranian waist circumference (WC) charts. 
Hypertension was defined by using the National Heart, Lung, and Blood Institute's recommended cut points, and 
dyslipidemia was defined according to the recent recommendations of the American Heart Association. 
Results: The overall adjusted prevalences of "at risk for overweight" and overweight changed from 13% and 8% 
(using Iranian cutoffs), respectively, and 14.8% and 4.7% (using IOTF criteria) in 1999-2001 to 19% and 15% 
(Iranian cutoffs) and 23.0% and 9.2% (IOTF criteria) in 2006-2008 (P < 0.01 for all comparisons). The prevalence of 
abdominal obesity increased in males from 14.5% in 1999-2001 to 33.3% in 2006-2008 (P < 0.001). Almost half the 
adolescents had low high-density lipoprotein cholesterol (HDL-C) in the 3 surveys. In all surveys, as BMI and WC 
increased, multivariate age- and sex-adjusted odds ratios of low HDL-C and high triglyceride levels significantly 
increased. Overweight was associated with a greater likelihood of these risk factors, as compared with increased WC. 
Conclusions: Overweight and abdominal obesity are increasing in Tehranian adolescents, and these increases are 
accompanied by abnormalities in levels of serum triglyceride and HDL-C. 

Key words: adolescents; cardiovascular risk factors; hyperlipidemias; hypertension; overweight 



INTRODUCTION 

Atherosclerotic heart disease is one of the most important 
causes of morbidity and mortality, 1 and its prevalence is 
escalating much more rapidly in developing countries. 2 
In contrast to trends in Northern Europe and the United 
States, 1999 data showed that mortality from cardiovascular 
disease (CVD) is increasing in Iran. 2 ' 3 Evidence from 
epidemiologic, pathologic, clinical, and genetic studies 
suggests that atherosclerosis begins during childhood. 4,5 
Obesity in childhood and adolescence often tracks into 
adulthood and results in increased incidence of subsequent 
metabolic syndrome, which is associated with cardiovascular 



disease and several cancers. 6 Obesity and metabolic diseases 
in adolescence may also cause psychosocial and economic 
problems. 7 The increasing prevalence of childhood obesity is 
a worldwide trend and has been observed among children and 
adolescents in the United States, Europe, Asia, and especially 
the Middle East. 2 810 In Iran, a cross-sectional national survey 
of students aged 6 to 18 years documented prevalences of 
overweight and obesity of 8.8% and 4.5%, respectively. 11 

Previous reports revealed higher triglyceride (TG) and 
lower high-density lipoprotein cholesterol (HDL-C) levels 
in Iranian adolescents as compared with their counterparts 
in the United States and other countries. 2 ' 12 ' 13 However, little 
is known regarding secular trends in serum lipid levels and 
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obesity in adolescents. Therefore, the objectives of this study 
were to evaluate trends in overweight, abdominal obesity, 
hypertension, and dyslipidemia in Tehranian adolescents in 3 
cross-sectional surveys (1999-2008) and assess the likelihood 
of these risk factors with respect to obesity status in each 
survey. 

METHODS 

Study population 

This study was conducted within the framework of the Tehran 
Lipid and Glucose Study (TLGS), a prospective study of the 
prevalence of noncommunicable diseases and their risk factors 
among Tehran's urban population. Data from the TLGS 
will be used to develop population-based measures and 
lifestyle modifications to decrease the prevalence of diabetes 
mellitus and dyslipidemia. 14 ' 15 The design of the present study 
encompasses 3 major components: survey 1 was a cross- 
sectional prevalence study conducted from 1999 to 2001, and 
surveys 2 (2002-2005) and 3 (2006-2008) were prospective 
follow-up surveys. Multistage cluster sampling was used to 
randomly select people aged 3 years or older from district 13 
of Tehran, the capital of Iran. This population is served by 3 
medical health centers. The age distribution of the population 
in district 13 is representative of the overall population 
of Tehran (Iran National Census, 1996). 15 In the present 
study, 5207 adolescents aged 10 to 19 years (3010 from the 
1999-2001 survey, 1107 from the 2002-2005 survey, and 
1090 from the 2006-2008 survey) were selected from the 
3 cross-sectional surveys. The study was approved by the 
research ethics committee of the Research Institute for 
Endocrine Sciences, Shahid Beheshti University of Medical 
Sciences, and informed written consent was obtained from the 
parents of each subject. 

Health examination 

Weight was measured using digital scales (Seca, Hamburg, 
Germany) and was recorded to the nearest 100 grams while 
the subjects were minimally clothed and without shoes. 
Height was measured in standing position, without shoes, 
using a tape measure while the shoulders were in a normal 
position. Body mass index (BMI) was calculated as weight 
in kilograms divided by height in meters squared, and 
waist circumference (WC) was measured at the level of the 
umbilicus. Using a standard mercury sphygmomanometer, 
a qualified physician measured blood pressure (BP) twice 
while the subject was in a seated position during physical 
examination, after 1 initial measurement to determine peak 
inflation level. The mean of the 2 measurements was defined 
as the participant's blood pressure. On the basis of the 
circumference of the participant's arm, an appropriate cuff 
(pediatric or regular) was chosen (4 different sizes). 16 A 
fasting blood sample was drawn between 7:00 AM and 9:00 
AM from all study participants after a 12- to 14-hour 



overnight fast. Blood samples were taken in the sitting 
position according to a standard protocol and centrifuged 
within 45 minutes of collection. 12 All blood lipid analyses 
were done at the TLGS research laboratory on the day 
of blood collection. Analysis of samples was performed 
using a Selectra 2 autoanalyzer (Vital Scientific, Spankeren, 
Netherlands). Total cholesterol (TC) and TG were assayed 
using enzymatic calorimetric tests with cholesterol esterase/ 
cholesterol oxidase and glycerol phosphate oxidase, 
respectively. HDL-C was measured after precipitation of 
apoB-containing lipoproteins with phosphotungstic acid. 
Low-density lipoprotein cholesterol (LDL-C) was calculated 
from the serum TC, TG, and HDL-C concentrations expressed 
in mg/dL using the Friedewald formula. 17 LDL-C was 
not calculated when the TG concentration was greater than 
400 mg/dL. The performance of the assay was measured after 
every 20 tests using the lipid control serums Percinorm (cat. 
no. 1446070; Boehringer Mannheim, Mannheim, Germany) 
and Percipath (cat. no. 171778; Boehringer Mannheim) 
for normal and pathologic ranges of biochemical indexes, 
respectively. Lipid standard (cat. no. 759350, calibrated for 
automated systems; Boehringer Mannheim) was used to 
calibrate the Selectra 2 autoanalyzer for each day of 
laboratory analysis. All samples were analyzed when 
internal quality control met the acceptable criteria. Inter- 
and intra-assay coefficients of variation were 2% and 
0.5%, respectively, for TC and 1.6% and 0.6% for TG. 12 

Definitions 

At risk for overweight (>85th and <95th percentile), 
overweight (>95th percentile), and abdominal obesity (>90th 
percentile) were defined according to Iranian BMI and WC 
percentile reference data. 11 ' 18 Overweight and obesity also 
were defined using the age- and sex-specific BMI cutoffs 
recommended by the International Obesity Task Force 
(IOTF). 19 To ensure uniformity of terms throughout the 
manuscript, the expressions "overweight" and "obesity" 
(recommended by IOTF criteria) were replaced by "at risk 
for overweight" and "overweight". High systolic/diastolic 
BP was defined as values >95th percentile for sex, age, 
and height, ie, the recommended cut points of the National 
Heart, Lung, and Blood Institute. Dyslipidemia was defined 
according to the recent recommendations of the American 
Heart Association, ie, TC >200 mg/dL (5.2mmol/L) and/or 
TG >200 mg/dL (2.26mmol/L) and/or LDL-C >130 mg/dL 
(3.38mmol/L) and/or HDL-C <40mg/dL (1.04mmol/L). 20 ' 21 

Statistical analysis 

All statistical analyses were performed using SPSS (ver 16.0), 
and a P value less than 0.05 was considered significant. 
Comparisons of the means of normal variables among the 3 
survey periods and between 2 groups were performed using 
ANOVA and the /-test in each age category (10-14 and 15-19 
years). The Kruskal-Wallis test was used for non-normal 
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Table 1. Trends in anthropometric and metabolic characteristics in 2 age groups of adolescent males (1999-2008): Tehran Lipid 
and Glucose Study 





(1999-2001) 


(2002-2005) 


(2005-2008) 




Survey 1 




Survey 2 




Survey 3 




Aqe qroups (years) 


10-14 


15-19 


10-14 


15-19 


10-14 


15-19 


Age (years ) b 


12 4M1 


16.8(1 ) 


12 2M1 


17 1M1 


12 2M \ 


17 2d1 


n 


688 


734 


190 


346 


230 


278 


% adolescents in each survey 


22.8 


24.4 


17.2 


31.2 


21.1 


25.5 


Weight (kg) 


43.0(1 3) b 


63.2(14) 


47.2(15) 


66.9(15) 


43.3(1 5) c 


68.1(16) d 


Height (cm) 


150.1(11) 


171.1(7) 


151.3(11) 


172.4(6) 


147.1(10) c 


172.0(8) d 


BMI a (kg/m 2 ) 


18.7(4) 


21.5(4) 


20.2(5) 


22.4(5) 


19.7(5) c 


23.0(6) d 


WC a (cm) 


64.9(11) 


73.9(11) 


72.6(13) 


80.4(12) 


71.3(13) c 


81.5(13) d 


Systolic BP a (mmHg) 


103(11) 


110(12) 


101(11) 


108(11) 


98(1 2) c 


108(11) d 


Diastolic BP a (mm Hg) 


69.5(9) 


72.3(9) 


65.6(10) 


69.6(10) 


63.8(1 0) c 


69.0(1 0) d 


TG a (mg/dL) 


89.0 


97.0 


96.5 


92.0 


82.0 


91. 0 d 


HDL-C a (mg/dL) 


45.0(11) 


40.4(9) 


42.3(11) 


37.6(9) 


46.8(11)° 


39.8(8) d 


LDL-C a (mg/dL) 


102(27) 


98(30) 


99(28) 


88(25) 


95(25) c 


83(22) d 


TC a (mg/dL) 


167(31) 


161(35) 


163(29) 


145(29) 


162(29) 


144(27) d 



a BMI: body mass index, WC: waist circumference, BP: blood pressure, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol, LDL-C: low- 
density lipoprotein cholesterol, TC: total cholesterol. b Means (SD), TG is median. Significant difference between the 3 surveys in 10-14 year age 
group. Significant difference between the 3 surveys in 15-19 year age group. 



variable (triglyceride). The % 2 test was used to examine 
differences in the prevalence of dyslipidemia, abdominal 
obesity, at risk for overweight, and overweight among data 
from the 3 surveys, and the Cochran-Armitage test was used 
to assess significance in the trends of these variables across 
the 3 survey periods. 22 In the trend analyses, prevalence 
of variables was standardized to the 5-year age and sex 
distribution reported in the 2006-2007 Iranian census 
(Statistical Pocketbook of the Islamic Republic of Iran 
2006-2007). Age- and sex-adjusted logistic regression was 
used separately in each survey to assess the likelihood of high 
lipid profiles and hypertension with respect to abdominal 
obesity and overweight. 

RESULTS 

The three cross-sectional surveys comprised adolescents, 
among whom 1422 (47.2%), 536 (48.4%), and 508 (46.6%) 
were male in surveys 1, 2, and 3, respectively. In surveys 1, 2, 
and 3, nearly 63%, 67%, and 61% of subjects, respectively, 
had 1 or more risk factors. Among males aged 10 to 14 years 
and 15 to 19 years, mean (SD) BM1 increased from 18.7 (4) 
and 21.5 (4)kg/m 2 in 1999-2001 to 19.7 (5) and 23.0 (6) 
kg/m 2 in 2006-2008, respectively (P<0.01). Mean WC 
also increased both age groups (P<0.01; Table 1). Among 
females aged 10 to 14 years and 15 to 19 years, mean (SD) 
BMI increased from 18.9 (4) and 21.7 (4)kg/m 2 in 1999-2001 
to 20.1 (4) and 22.6 (4) kg/m 2 in 2006-2008, respectively 
(P<0.01; Table 2). Overall, mean LDL-C was lower than 
100 mg/dL during 2002-2008. Mean systolic/diastolic BP, 
HDL, LDL, and TC all decreased from 1999-2001 to 
2006-2008 in both age groups and both sexes. The overall 
adjusted prevalence of at risk for overweight and overweight 



increased from 13% and 8% (Iranian cutoffs) and 14.8% and 
4.7% (IOTF criteria), respectively, in 1999-2001 to 19% and 
15% (Iranian cutoffs) and 23.0% and 9.2% (IOTF criteria) in 
2006-2008 (P<0.01; for all comparisons). Changes in the 
prevalence of at risk for overweight and overweight using 
Iranian and IOTF criteria from 1999-2001 to 2006-2008 are 
shown by age group and sex in Figures 1 and 2. The least 
change in the prevalence of overweight was seen in females 
aged 15 to 19 years. In males aged 15 to 19 years, the 
prevalence of abdominal obesity increased, and its prevalence 
in 2008 was nearly double that of 1999 (Figure 3). The 
prevalence of high diastolic BP decreased significantly among 
10- to 14-year-old males (Table 3) and females (Table 4) over 
the 3 time periods. The prevalence of hypertriglyceridemia 
did not change during the 3 time periods in males (Table 3) 
or females (Table 4). The overall prevalence of low HDL-C 
was very high: nearly half of adolescents had low HDL-C. 
The prevalence of low HDL-C decreased significantly in 
females aged 10 to 14 years (Table 4). Overall, high LDL-C 
decreased by more than 50%, from 15.0% in 1999 to 7.4% 
in 2008 (P< 0.001). Mean LDL-C and the prevalence of 
hypercholesterolemia in survey 3 were significantly higher in 
females than in males in both age groups (P < 0.05). The 
Cochran-Armitage test revealed no significant trends in the 
prevalence of any investigated variable. 

Both BMI and WC significantly increased the likelihood of 
low HDL-C (Figure 4) and high TG levels (Figure 5) in the 3 
cross-sectional surveys, and, as compared with abdominal 
obesity and at risk for overweight, overweight was associated 
with higher odds ratios for these risk factors. In survey 3, 
an incremental increase in BMI was associated with higher 
odds ratios for these risk factors as compared with the 2 other 
surveys. 
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Table 2. Trends in anthropometric and metabolic characteristics in two age groups of adolescent females (1999-2008): Tehran 
Lipid and Glucose Study 





1999- 


-2001 


2002- 


-2005 


2005- 


-2008 




Survey 1 


Survey 2 


Survey 3 


Aqe qroups (years) 


10-14 


15-19 


10-14 


15-19 


10-14 


15-19 


Age (years ) b 


12.3(1) 


17.0(1) 


12.3(1) 


17.3(1) 


12.3(1) 


17.2(1) 


n 


675 


913 


214 


357 


231 


351 


% adolescents in each survey 


22.4 


30.4 


19.3 


32.3 


21.2 


32.2 


Weight (kg) 


43.6(11 ) b 


55.5(10) 


45.2(12) 


56.9(11) 


44.4(12) 


57.6(11)° 


Height (cm) 


150.9(9) 


159.5(5) 


150.6(8) 


159.7(6) 


147.5(9) c 


159.4(5) 


BMI a (kg/m 2 ) 


18.9(4) 


21.7(4) 


19.7(4) 


22.2(4) 


20.1 (4) c 


22.6(4) d 


WC a (cm) 


66.9(9) 


72.5(9) 


68.5(10) 


73.3(9) 


66.9(10) 


71.3(9) d 


Systolic BP a (mmHg) 


102(11) 


106(11) 


97.0(11) 


101(10) 


96.0(12)° 


99.0(11) d 


Diastolic BP a (mm Hg) 


70.0(10) 


72.9(9) 


66.0(10) 


69.2(8) 


62.3(1 0) c 


65.6(9) d 


TG a (mg/dL) 


107.0 


91.5 


101.0 


81.0 


95.0 C 


84.0 d 


HDL-C 3 (mg/dL) 


42.5(10) 


43.9(10) 


41.1(10) 


41.1(10) 


43.7(10)° 


44.2(1 0) d 


LDL-C a (mg/dL) 


104(28) 


104(27) 


95(24) 


95(26) 


95(25) c 


91(26) d 


T-Chol a (mg/dL) 


171(31) 


169(31) 


159(29) 


153(28) 


1 60(30 ) c 


1 54(31 ) d 



a BMI: body mass index, WC: waist circumference, BP: blood pressure, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol, LDL-C: low- 
density lipoprotein cholesterol, TC: total cholesterol. b Mean (SD), TG is median. Significant difference between the 3 surveys in 10-14 year age 
group. Significant difference between the 3 surveys in 15-19 year age group. 
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Figure 1 . Adjusted prevalence and trend of at risk for overweight and overweight in adolescent males, according to Iranian 
BMI (body mass index) percentiles (>85th and <95th percentile, >95th percentile; respectively) and IOTF 
(International Obesity Task Force) cutoffs in 2 age groups (age 10-14 and 15-19 years) during 3 time periods 
(1999-2008). 



As BMI increased from normal to at risk for overweight 
and overweight, the multivariate age- and sex-adjusted odds 
ratios were 1, 1.24, 2.46, and 3.90 (P < 0.01) for high LDL-C 
and 1, 1.32, 3.42, and 5.37 (P<0.01) for TC in 1999-2001; 
these likelihoods were not significant in 2002-2005 or 
2006-2008. As WC increased from normal to abdominally 
obese, the odds ratios for high systolic and diastolic BP were 
2.12 and 2.65, respectively, in survey 1 (_P<0.01), 3.17 and 
13.04 in survey 2 (P<0.01), and 2.07 (P<0.01) and 1.58 
(nonsignificant) in survey 3. 



DISCUSSION 

The present study analyzed data from 3 cross-sectional 
surveys and revealed that, according to Iranian percentiles 
and IOTF criteria, the prevalence of overweight increased in 
Tehranian adolescents in 2 age groups in a recent 9-year 
period. The prevalences of overweight and abdominal obesity 
were lower among females than among males. Females aged 
15 to 19 years showed less increase in the prevalence of at 
risk for overweight, overweight, and abdominal obesity than 
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Figure 2. Adjusted prevalence and trend of at risk for overweight and overweight in adolescent females, according to 
Iranian BMI (body mass index) percentiles (>85th and <95th percentile, >95th percentile; respectively) and IOTF 
(International Obesity Task Force) cutoffs in 2 age groups (age 10-14 and 15-19 years) during 3 time periods 
(1999-2008). 
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Figure 3. Adjusted prevalence and trend of abdominal obesity according to Iranian percentiles by age group (10-14 and 
15-19 years) and sex during 3 time periods (1999-2008). 



did their peers aged 10 to 14 years. The prevalence 
of abdominal obesity doubled in males, and the risk of 
hypertension, high LDL-C, and TC decreased, as compared 
with their peers in 1999-2001. However, the prevalence of 
high TG was unaltered, and almost half the adolescents had 
low HDL-C in the 3 time periods. Overweight increased the 
likelihood of high TG and low HDL-C to a greater extent than 
did high WC, and the odds of having these risk factors 
increased from 1999-2001 to 2006-2008. Nearly two thirds 
of all adolescents had at least 1 metabolic abnormality in each 
survey. 

To our knowledge, this is the first study to report trends 
in adolescent obesity and dyslipidemia in Iran. Childhood 
obesity has evolved into a worldwide epidemic, 24 ' 25 and as 
26% to 63% of obese children will become obese adults, 26 this 



epidemic will not subside unless aggressive public heath 
campaigns against obesity are implemented. 

The use of international criteria facilitates comparison 
among studies of overweight prevalence and trends. However, 
international criteria (IOTF) underestimate the prevalence 
of adolescent overweight among Asians due to ethnic 
differences, which could delay implementation of prevention 
programs. 27 Further research is needed to explore BMI 
patterns in children from Africa and Asia. 19 

The prevalence of overweight in NHANES (1999-2004) 28 
was higher than in the present study, but the rate of increase 
was higher in the present population, especially in males. It 
has been reported that the prevalence of overweight is much 
higher in the Middle East as compared with other developing 
countries. 2 ' 29 Although childhood obesity might be related to 
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Cardiovascular Risk Factors in Adolescents 
Prevalence and trend of metabolic abnormalities in adolescent males (1999-2008): Tehran Lipid and Glucose Study 



(1999-2001) (2002-2005) (2005-2008) 

Survey 1 Survey 2 Survey 3 



Age groups (years) 


10-14 


15-19 


10-14 


15-19 


10-14 


15-19 


Age (year) 
Mean (SD) 


12.4(1) 


16.8(1) 


12.2(1) 


17.1(1) 


12.2(1) 


17.2(1) 


n 

% 


688 
22.8 


734 
24.4 


190 
17.2 


346 
31.2 


230 
21.1 


278 
25.5 


High systolic BP a (%) 
High diastolic BP a (%) 
High TG b (%) 
Low HDL-C b (%) 
High LDL-C b (%) 
High TC b (%) 


4.8 

11.3 

5.3 

36.1 

15.1 

14.2 


2.5 

4.6 

9.3 

55.5 

11.7 

12.4 


1.1 

7.4 

7.9 

44.9 

12.1 

10.7 


0.9 

1.8 

5.5 

64.3 

5.7 

4.0 


2.7 

5.4 d 

4.0 

25.2 d 

8.8 d 

8.5 d 


0.4 C 

3.3 

8.9 

54.1 

3.6 C 

3.7 C 



a High systolic/diastolic blood pressure (BP) was defined as >95th percentile for sex, age, and height from the National Heart, Lung, and Blood 
Institute's recommended cut points. b Dyslipidemia was defined according to the recent recommendations of the American Heart Association, ie, 
total cholesterol (TC) >200 mg/dL (5.2 mmol/L) and/or triglyceride (TG) >200 mg/dL (2.26 mmol/L) and/or low-density lipoprotein cholesterol (LDL-C) 
>130 mg/dL (3.38 mmol/L) and/or high-density lipoprotein cholesterol (HDL-C) <40 mg/dL (1.04 mmol/L). Significant difference between the 3 
surveys in 15-19 year age group. Significant difference between the 3 surveys in 10-14 year age group. 



Table 4. Prevalence and trend of metabolic abnormalities in adolescent females (1999-2008): Tehran Lipid and Glucose Study 





1999-2001 
Survey 1 






2002-2005 
Survey 2 


2005-2008 
Survey 3 


Age groups (years) 


10-14 


15-19 


10-14 


15-19 


10-14 


15-19 


Age (years) 
Mean (SD) 


12.3(1 ) b 


17.0(1) 


12.3(1) 


17.3(1) 


12.3(1) 


17.2(1) 


n 

% 


675 
22.4 


913 
30.4 


214 
19.3 


357 
32.3 


231 
21.2 


351 
32.2 


High systolic BP a (%) 
High diastolic BP a (%) 
High TG b (%) 
Low HDL-C b (%) 
High LDL-C b (%) 
High TC b (%) 


3.9 

12.3 

9.4 

44.3 

14.9 

15.9 


1.3 

4.8 

4.7 

40.2 

17.6 

16.0 


1.6 

7.0 

8.8 

48.8 

9.1 

9.8 


0.6 
2.1 

I. 7 
47.4 

II. 0 
6.6 


2.3 

3.2° 

5.7 

35.5 

10. 1 c 

11.8 


0.6 

0.9 d 

4.1 

35.9 

7.7 d 

8.7 d 



a High systolic/diastolic blood pressure (BP) was defined as >95th percentile for sex, age, and height from the National Heart, Lung, and Blood 
Institute's recommended cut points. b Dyslipidemia was defined according to the recent recommendations of the American Heart Association, ie, 
total cholesterol (TC) >200 mg/dL (5.2 mmol/L) and/or triglyceride (TG) >200 mg/dL (2.26 mmol/L) and/or low-density lipoprotein cholesterol (LDL-C) 
>130 mg/dL (3.38 mmol/L) and/or high-density lipoprotein cholesterol (HDL-C) <40 mg/dL (1.04 mmol/L). Significant difference between the 3 
surveys in 15-19 year age group. Significant difference between the 3 surveys in 10-14 year age group. 



specific cultural and regional circumstances, it is also affected 
by social factors, exercise, advertising, public policies, and 
rapid urbanization. 2 

Considering the increasing trend in overweight seen in 
our study, we anticipated a similar increase in hypertension; 
however, this was not seen, in conformity with the downward 
trend noted in other studies. 8 ' 30 ' 31 The downward pattern in 
high SBP and DBP in our study is similar to that described 
among young adults in the United Kingdom and Australia. 32 
In the Minneapolis Children's BP Study of 10- to 14-year-old 
children, 33 SBP percentiles were significantly higher and 
DBP percentiles were significantly lower in 1996 than in 
1986, whereas in the Bogalusa study, 34 both SBP and DBP 
were lower at the end of the study periods (1975 to 1981 



and 1984 to 1992), despite an increase in obesity in both 
cohorts. However, NHANES (1963 to 2002) indicated that, 
among US children and adolescents, elevated BP has been 
increasing since the late 1980s. 8 Moreover, it has been 
shown that after a long decreasing trend, BP begins to rise 
approximately 10 years after an increase in obesity. In 
addition, elevated BP is correlated with small body size at 
birth, which results from reduced growth throughout 
gestation 35 ; hence, current improvements in the nutrition and 
health of girls and young women may be a cause of this 
decreasing trend in BP. 

Contrary to our expectations, the adolescents in the present 
experienced a decrease in TC and LDL-C cholesterol. In 
NHANES I (1971-1974) and NHANES III (1988-1994), 
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Survey 1 Survey 2 Survey 3 



Figure 4. Prevalence of at risk for overweight and overweight; age- and sex-adjusted odds ratios (ORs) for low HDL-C in 
adolescents aged 10 to 19 years, Tehran Lipid and Glucose Study: 1999-2001 (Survey 1), 2002-2005 
(Survey 2), and 2006-2008 (Survey 3). An increase in body mass index (BMI) from "normal" to "at risk for 
overweight" and "overweight" and increase in waist circumference (WC) from normal to "abdominally obese" 
significantly increased the likelihood of low HDL-C in the 3 cross-sectional surveys. BMI increments had a 
greater impact on the likelihood of these risk factors in survey 3 than in the other 2 surveys. BMI had a greater 
impact on these risk factors than did WC. 




Survey 1 Survey 2 Survey 3 

Figure 5. Prevalence of at risk for overweight and overweight; age- and sex-adjusted odds ratios (ORs) for 
hypertriglyceridemia in adolescents aged 10 to 19 years, Tehran Lipid and Glucose Study: 1999-2001 
(Survey 1), 2002-2005 (Survey 2), and 2006-2008 (Survey 3). An increase in body mass index (BMI) from 
"normal" to "at risk for overweight" and "overweight" and increase in waist circumference (WC) from "normal" to 
"abdominally obese" significantly increased the likelihood of hypertriglyceridemia in the 3 cross-sectional 
surveys. BMI increments had a greater impact on the likelihood of these risk factors in survey 3 than in the other 
2 surveys. 



adolescents experienced the same decreasing trend in TC ; 
however, in some other countries increasing trends in blood 
lipids were seen. 37 - 38 The lack of a rapid increase in blood 
lipids despite the rising prevalence of overweight suggests that 
other factors such as nutrition and reduced physical activity 
may have an influence. 39 ' 40 There is much variation in specific 
cholesterol levels by age, sex, and race among different 
populations and even the same population over a period of 
time; however, a pattern of an early increase followed by a 
decrease in mean values of cholesterols from preadolescence 



to adolescence is very common, ' and is similar to the trend 
observed in our study. 

As compared with American adolescents, 39 serum TG 
was higher and HDL-C was lower despite the lower 
prevalence of overweight in the present subjects. Previous 
studies of Tehranian adolescents showed that approximately 
6.5% of all adolescents and nearly 39% of overweight 
adolescents met the criteria for hypertriglyceridemic waist 
phenotype. 43 Also, in Korean adolescents, the most common 
feature of the metabolic syndrome was hyperglycemia 
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followed by low HDL-C and hypertriglycemia. In addition, 
rising overweight is strongly related to concentrations of 
HDL-C and TG, but is only weakly associated with TC 
and LDL-C concentrations. Park et al found that the 
prevalence of metabolic syndrome remains high among 
obese Korean, Japanese, and Chinese adolescents. 44 The 
impact of abdominal obesity on the prevalence of these risk 
factors is minimal, which suggests that the decreasing trend in 
LDL-C, TC, and BP may be due to latent factors. 

The National Food Consumption Survey (1995) showed 
lower intakes of whole grains among Iranians (<2 servings per 
day). Esmaillzadeh et al observed that intake of refined grains 
was associated with higher odds of hyperglycemia and 
hypertension 45 and that bread grains were associated with 
the lowest dietary diversity score in that population, probably 
due to culture, dietary habits, and the limited number of bread- 
grain products (eg, whole grain cereals, fortified macaroni, 
and whole grain biscuits) as compared with developed 
countries. Dietary diversity scores of bread-grain and dairy 
groups in females were higher than in males. 46 It has been 
shown that breakfast and daily exercise are negative risk 
factors for atherogenic changes in childhood, 38 and any 
effect of weight increase on risk factors for cardiovascular 
disease should have manifested itself during the 8- to 9-year 
interval. 39 Hence, for better control of weight and other risk 
factors among adolescents, research to identify behavioral 
factors, such as diet composition and physical activity, is 
needed. 

The present study is limited by the fact that several factors, 
including muscle-to-fat ratio, timing of the adolescent growth 
spurt, and sexual maturation, are potentially confounding 
variables that were not measured. However, the median ages 
of sexual organ growth and pubic hair growth in males were 
9.01 and 10.34 years, respectively, and the median ages 
of breast growth and pubic hair growth among females were 
9.74 years and 10.49 years, respectively, which accord with 
other studies of Tehranian adolescents. 47 The median age of 
menarche in females was 12.6 years. 47 ' 48 Onset of puberty 
seems to be earlier among Iranian males than among those 
from other countries, but onset of secondary pubertal 
characteristics in females is similar to that in other white 
females; therefore, a comparison with other studies is feasible 
in females. In this study, change in serum lipid profile due to 
puberty was a reason for age classification and better control 
of this confounding factor. Future studies with more extensive 
data may be able to provide additional information on trends 
in risk factors of CVD. 

Conclusion 

Overweight and abdominal obesity are increasing among 
Tehranian adolescents, and these increases seriously affect 
their TG and HDL-C levels. The reasons for the lack of 
deleterious effects on other CVD risk factors are not known. 
Nevertheless, it is clear that these obese youths are likely to 



become obese adults with higher risks of chronic diseases 
occurring at earlier ages, in combination with increased 
morbidity and mortality. Therefore, monitoring of trends in 
obesity and the potential effects of CVD risk factors is vital in 
designing programs that target prevention of CVD, which 
must begin with the development of healthy lifestyles in 
childhood. 

ACKNOWLEDGMENTS 

This research project has been supported by Grant No. 121 
from the NRCI Research Projects and with the support of 
the National Research Council of Islamic Republic of Iran. 
We express our appreciation to the participants and their 
parents residing in District 13, Tehran, for their enthusiastic 
cooperation with this study. The valuable support of the staff 
of the Tehran Lipid and Glucose Study Unit is also gratefully 
acknowledged. Finally, we would like to thank N. Shiva for 
language editing of the manuscript. 

Conflicts of interest: The present authors have no personal 
or financial conflicts of interest to declare. 

REFERENCES 

1 . Aslam F, Haque A, Foody J, Lee LV. Peripheral arterial disease: 
current perspectives and new trends in management. South Med 
J. 2009;102:1141-9. 

2. Kelishadi R. Childhood overweight, obesity and the metabolic 
syndrome in developing countries. Epidemiol Rev. 
2007;29:62-76. 

3. Sarraf-Zadegan N, Boshtam M, Malekafzali H, Bashardoost N, 
Sayed-Tabatabaei FA, Rafiei M, et al. Secular trends in 
cardiovascular mortality in Iran, with special reference to 
Isfahan. Acta Cardiol. 1999;54:327-33. 

4. Webber LS, Srinivasan SR, Wattigney WA, Berenson GS. 
Tracking of serum lipids and lipoproteins from childhood to 
adulthood. The Bogalusa Heart Study. Am J Epidemiol. 
1991;133:884-99. 

5. Dekkers JC, Podolsky RH, Treiber FA, Barbeau P, Gutin B, 
Snieder H. Development of general and central obesity from 
childhood into early adulthood in African American and 
European American males and females with a family history 
of cardiovascular disease. Am J Clin Nutr. 2004;79:661-8. 

6. Biro FM, Wien M. Childhood obesity and adult morbidities. Am 
J Clin Nutr. 2010;91:1499S-505S. Epub 2010 Mar 24. 

7. Must A, Strauss RS. Risks and consequences of childhood and 
adolescent obesity. Int J Obes Relat Metab Disord. 1999;23 
Suppl 2:S2-11. 

8. Din-Dzietham R, Liu Y, Bielo MV, Shamsa F. High blood 
pressure trends in children and adolescents in national surveys, 
1963 to 2002. Circulation. 2007;116:1488-96. 

9. Tremblay MS, Katzmarzyk PT, Willms JD. Temporal trends in 
overweight and obesity in Canada, 1981-1996. Int J Obes Relat 
Metab Disord. 2002;26:538-43. 

10. Wang Y, Monteiro C, Popkin BM. Trends of obesity and 
underweight in older children and adolescents in the United 



J Epidemiol 2011 ;21(5):31 9-328 



Hosseini-Esfahani F, et al. 



327 



States, Brazil, China, and Russia. Am J Clin Nutr. 2002; 
75:971-7. 

11. Kelishadi R, Ardalan G, Gheiratmand R, Majdzadeh R, Hosseini 
M, Gouya MM, et al. Thinness, overweight and obesity in a 
national sample of Iranian children and adolescents: Caspian 
Study. Child Care Health Dev. 2008;34:44-54. 

12. Azizi F, Rahmani M, Madjid M, Allahverdian S, Ghanbili J, 
Ghanbarian A, et al. Serum lipid levels in an Iranian population 
of children and adolescents: Tehran Lipid and Glucose Study. 
Eur J Epidemiol. 2001;17:281-8. 

13. Esmaillzadeh A, Mirmiran P, Azadbakht L, Etemadi A, Azizi F. 
High prevalence of the metabolic syndrome in Iranian 
adolescents. Obesity (Silver Spring). 2006;14:377-82. 

14. Azizi F, Rahmani M, Emami H, Mirmiran P, Hajipour R, 
Madjid M, et al. Cardiovascular risk factors in an Iranian urban 
population: Tehran Lipid and Glucose Study. Soz Praventivmed. 
2002;47:408-26. 

15. Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, 
Hedayati M, et al; the Tehran Lipid and Glucose Study Group. 
Prevention of non-communicable disease in a population in 
nutrition transition: Tehran Lipid and Glucose Study phase II. 
Trials. 2009; 10:5. 

16. Ghanbarian A, Rezaei-Ghaleh N, Salehi P, Azizi F. Blood 
pressure distribution in an Iranian adolescent population: 
"Tehran Lipid and Glucose study". Med J Malaysia. 2006 
Oct;61(4):433-7. 

17. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
concentration of low-density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge. Clin Chem. 
1972;18:499-502. 

18. Kelishadi R, Gouya MM, Ardalan G, Hosseini M, Motaghian M, 
Delavari A, et al. First reference curves of waist and hip 
circumferences in an Asian population of youths: CASPIAN 
Study. J Trop Pediatr. 2007;53:158-64. 

19. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity worldwide: 
international survey. BMJ. 2000;320:1240-3. 

20. Gidding SS, Dennison BA, Birch LL, Daniels SR, Gillman MW, 
Lichtenstein AH, et al. Dietary recommendations for children 
and adolescents: A guide for practitioners. Pediatrics. 2006; 
117:544-59. 

21. National High Blood Pressure Education Program Working 
Group on High Blood Pressure in Children and Adolescents. The 
fourth report on the diagnosis, evaluation, and treatment of 
high blood pressure in children and adolescents. Pediatrics. 
2004; 114(2 Suppl 4th Report):555-76. 

22. Armitage P, Berry G, Matthews JN. Statistical methods in 
medical research. Wiley; 2002. 

23. Presidency of the I.R.I, President Deputy Strategy Planning 
and Control, Statistical Center of Iran, http://www.amar.org.ir/ 
default.aspx. 

24. Berghofer A, Pischon T, Reinhold T, Apovian CM, Sharma AM, 
Willich SN. Obesity prevalence from a European perspective: a 
systematic review. BMC Public Health. 2008;8:200. 

25. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: 
public-health crisis, common sense cure. Lancet. 2002; 
360:473-82. 

26. Serdula MK, Ivery D, Coates RJ, Freedman DS, Williamson DF, 



Byers T. Do these children become obese adults? A review of 
literature. Prev Med. 1993;22:167-77. 

27. Cui Z, Huxley R, Wu Y, Dibley MJ. Temporal trends in 
overweight and obesity of children and adolescents from nine 
Provinces in China from 1991-2006. Int J Pediatr Obes. 
2010;5:365-74. 

28. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, 
Flegal KM. Prevalence of overweight and obesity in the United 
States, 1999-2004. JAMA. 2006;295:1549-55. 

29. James PT, Leach R, Kalamara E, Shayeghi M. The worldwide 
obesity epidemic. Obes Res. 2001 ;9 Suppl 4:228S-33S. 

30. Sorof J, Daniels S. Obesity hypertension in children a problem of 
epidemic proportions. Hypertension. 2002;40:441-7. 

3 1 . Chiolero A, Bovet P, Paradis G, Paccaud F. Has blood pressure 
increased in children in response to the obesity epidemic? 
Pediatrics. 2007;119:544-53. 

32. McCarron P, Smith GD, Okasha M. Secular changes in blood 
pressure in childhood, adolescence and young adulthood: 
systematic review of trends from 1948-1998. J Hum 
Hypertens. 2002;16:677-89. 

33. Luepker RV, Jacobs DR, Prineas RJ, Sinaiko AR. Secular trends 
of blood pressure and body size in a multi-ethnic adolescent 
population: 1986 to 1996. J Pediatr. 1999;134:668-74. 

34. Gidding SS, Bao W, Srinivasan SR, Berenson GS. Effects of 
secular trends in obesity on coronary risk factors in children: the 
Bogalusa Heart Study. J Pediatr. 1995;127:868-74. 

35. Law CM, Egger P, Dada O, Delgado H, Kylberg E, Lavin P, 
et al. Body size at birth and blood pressure among children in 
developing countries. Int J Epidemiol. 2001;30:52-7. 

36. Hickman TB, Briefel RR, Carroll MD, Rifkind BM, Cleeman JI, 
Maurer KR, et al. Distributions and trends of serum lipid levels 
among United States children and adolescents ages 4-19 years: 
data from the Third National Health and Nutrition Examination 
Survey. Prev Med. 1998;27:879-90. 

37. Magkos F, Manios Y, Christakis G, Kafatos AG. Secular trends 
in cardiovascular risk factors among school-aged boys from 
Crete, Greece, 1982-2002. Eur J Clin Nutr. 2005;59:1-7. 

38. Takasaki Y. Serum lipid levels and factors affecting atherogenic 
index in Japanese children. J Physiol Anthropol Appl Human 
Sci. 2005;24:511-5. 

39. Ford ES, Mokdad AH, Ajani UA. Trends in risk factors for 
cardiovascular disease among children and adolescents in the 
United States. Pediatrics. 2004;114:1534-44. 

40. Ghassemi H, Harrison G, Mohammad K. An accelerated 
nutrition transition in Iran. Public Health Nutr. 2002;5:149-55. 

41. de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, 
Newburger JW, Rifai N. Prevalence of the metabolic 
syndrome in American adolescents: findings from the Third 
National Health and Nutrition Examination Survey. Circulation. 
2004;110:2494-7. 

42. Brotons C, Ribera A, Perich RM, Abrodos D, Magana P, Pablo 
S, et al. Worldwide distribution of blood lipids and lipoproteins 
in childhood and adolescence: a review study. Atherosclerosis. 
1998;139:1-9. 

43. Esmaillzadeh A, Mirmiran P, Azadbakht L, Azizi F. Prevalence 
of the hypertriglyceridemic waist phenotype in Iranian 
adolescents. Am J Prev Med. 2006;30:52-8. 

44. Park MJ, Boston BA, Oh M, Jee SH. Prevalence and trends of 



J Epidemiol 2011 ;21(5):31 9-328 



328 



Cardiovascular Risk Factors in Adolescents 



metabolic syndrome among Korean adolescents: from the 
Korean NHANES survey, 1998-2005. J Pediatr. 2009; 
155:529-34. 

45. Esmaillzadeh A, Mirmiran P, Azizi F. Whole-grain consumption 
and the metabolic syndrome: a favorable association in 
Tehranian adults. Eur J Clin Nutr. 2005;59:353-62. 

46. Mirmiran P, Azadbakht L, Esmaillzadeh A, Azizi F. Dietary 
diversity score in adolescents — a good indicator of the 
nutritional adequacy of diets: Tehran lipid and glucose study. 



Asia Pac J Clin Nutr. 2004;13:56-60. 

47. Razagy-Azar M, Moghimi A, Sadigh N, Montazeri M, Golnari 
P, Zahedi Shoolami L, et al. Age at the onset of puberty and 
menarche in Iranian girls and boys. J Iran Univ Med Sci. 
2006;13:71-82 (in Farsi). 

48. Farahmand M, Ramezani Tehrani F, Azizi F. The influence of 
serum lipoproteins and body mass index on the age of menarche. 
Iranian J Endocrinol Metab. 2009;ll(4):478-9 (in Farsi). 



J Epidemiol 2011 ;21(5):31 9-328 



